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(54) R-T-B PERIS4ANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-t-B permanent magnet, that is superior in 
corrosion resistance and where the heat resistance of magnetic characteristics is improved 
by reducing the quantity of hydrogen contained within plating in the plated R-T-B 
permanent magnet is set to 100 ppm or lower. 

SOLUTION: The R-T-B permanent magnet whose surface is coated with the plating, 
where an R2T14B base intermetallic compound (R is one kind, or two kinds or more of 
rare earth elements which include Y, and T is Fe or Fe and Co) is a main phase, 
characterized in that the content of hydrogen of the plating is set equal to 100 ppm or 
lower. 
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* NOTICES * 

JPO and KCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] R-T which makes the main phase an R2T14B mold intermetallic compoxmd (R is one sort 
of the rare earth elements containing Y, or two sorts or more, and T is Fe, or Fe and Co) R-T-B 
system permanent magnet which is a R-T-B system permanent magnet which comes to cover plating 
to - system permanent magnet body surface, and is characterized by setting the hydrogen content of 
said plating to 100 ppm or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the R-T-B system permanent magnet which comes 
to cover the plating used for a rotating machine (a motor, generator), an actuator, a loudspeaker, or a 
pump. 
[0002] 

[Description of the Prior Art] The R-T-B system system sintered magnet (R is one sort of the rare 
earth elements containing Y or two sorts or more, and T is Fe, or Fe and Co) which makes the main 
phase an R2T14B mold intermetallic compoimd among rare earth permanent magnets has high 
magnetic properties, and since it excels in a ferrite magnet subsequently to cost performance, the 
amount of manufactures has been extended greatly in recent years. However, it has the fault of being 
easy to corrode since rare earth elements and iron are contained so much as the major component, 
and various surface treatment for improving corrosion resistance is performed, and practical use is 
presented. As sxirface-preparation film, although resin coating, the clo mate film, or plating is 
adopted, the method of galvanizing the metallic film represented by especially nickel plating is 
excellent in corrosion resistance, abrasion resistance, etc., and is used abundantly. Although the R-T- 
B system permanent magnet which covered plating is used being included in various magnet 
application products, the needs of a heat-resistant specification have been increasing in recent years. 
The conventional R-T-B system permanent magnet which covered plating has the problem that the 
thermal resistance of magnetic properties is bad. That is, the R-T-B system permanent magnet which 
the former galvanized has the problem that the percentage reduction of the amount of total magnetic 
flux at the time of heating becomes large notably compared with a non-galvanized thing. For 
example, when the heat test continuously returned to a rectangular plate-like R-Fe-B system 
permanent magnet object with a 3mm[ 5mm by ] x thickness of about 0.7mm to an after 
[ predetermined time maintenance ] room temperature at 70 degrees C in atmospheric air after 
producing what covered nickel plating (permeance coefficient Pc=0.42) is performed so that it may 
mention later, the percentage reduction of the amoxmt of total magnetic flux is so large that it reaches 
to 10%. Thus, remarkable degradation of the magnetic properties at the time of heating of the 
galvanized conventional R-T-B system permanent magnet was a serious problem. 
[0003] Next, plating is explained. The method of galvanizing a metallic film is roughly divided into 
electroplating and nonelectrolytic plating, the same metal as the metal which you are going to use 
[ metal ] the galvanized body as cathode and is going to make it electrodeposit it in the electrolytic 
solution which contains in electroplating the metal ion which it is going to galvanize — or if direct- 
current electrolysis is performed by making an insoluble metal into an anode plate, the metal ion 
which you are going to make it electrodeposit in cathode can discharge, and a galvanized body 
surface can be made to electrodeposit a desired metal That is, the reaction of Mn-H-ne->M occurs in 
cathode. At this time, it is at the usual electroplating. 2H++2 e->H2 A reaction occurs in coincidence 
and hydrogen occurs. Next, nonelectrolytic plating is explained. Generally the approach of chemistry 
reduction is used with nonelectrolytic plating. This principle is in depositing a metal ion chemically 
fi-om metal salting in liquid using the chemical used as a reducing agent. For example, in the non- 
electrolytic copper plating which used formalin as a reducing agent, in plating liquid, it is 
Cu2+-hHCHCO-i-30H~>HCOO+2H2 O+Cu. A reaction occurs and Cu deposits on the galvanized 
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body. Moreover, it is HCHO+OH~>HCOO+H2 at this time. A reaction occurs in coincidence and 
hydrogen occurs. Although emitted also into atmospheric air, as for the hydrogen generated by 
detailed investigation of this invention person at the time of said plating, it turned out that 
remarkable hydrogen is incorporated also in the plating film. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention person investigated wholeheartedly the 
cause in which the R-T-B system permanent magnet which covered plating carries out heat 
demagnetization greatly. Consequently, it discovered that heat demagnetization of a R-T-B system 
permanent magnet changed a lot depending on the amount of content hydrogen xmder plating. It has 
turned out that the problem to which a plating part is heated where hydrogen was held during plating 
at 100 ppm super-** rare and is held like the rotating machine of an automobile etc. in a 

conventional R-T-B system permanent magnet in a high temperature environment at a sake, although 
the detailed mechanism was not clear, hydrogen g£is is notably generated, and heat demagnetization 
of a R-T-B system permanent magnet object becomes large with regards to this hydrogen generated 
notably is generated. Therefore, by reducing the amount of hydrogen contained in the plating in the 
galvanized R-T-B system permanent magnet to 100 ppm or less, the technical problem of this 
invention is offering the R-T-B system permanent magnet which improved the thermal resistance of 
magnetic properties while it is excellent in corrosion resistance. 
[0005] 

[Means for Solving the Problem] this invention person studied wholeheartedly the cause by which 
the thermal resistance of the magnetic properties of the R-T-B system permanent magnet which 
covered plating deteriorated greatly. Consequently, the hydrogen contained in plating was emitted at 
the time of heating, and it discovered that the emitted hydrogen is absorbed by the R-T-B system 
permanent magnet object and that correlation was between heat-resistant degradation of the magnetic 
properties. This invention which solved the above-mentioned technical problem is the R-T-B system 
permanent magnet which came to cover plating to the R-T-system permanent magnet body surface 
which makes the main phase an R2T14B mold intermetallic compound (R is one sort of the rare 
earth elements containing Y, or two sorts or more, and T is Fe, or Fe and Co), and reduced the 
hydrogen content of said plating to 100 ppm or less. 

[0006] Although plating pretreatment (pickling) is usually performed before plating, the conditions 
of this plating pretreatment are not limited and can adopt well-known conditions. For example, a 
nitric acid, hydrochloric acids, or those mixed acids may perform pickling. Or electrolytic cleaning, 
cleaning processing, etc. may be performed if needed. Moreover, activation may be performed when 
performing nonelectrolytic plating. Although the metal (alloy) to galvanize and the conditions of 
plating are not limited, the electrical and electric equipment and/or nonelectrolytic plating which 
consist of one monolayer coats of nickel, nickel-P, and Cu, Zn, Cr and Sn or two or more sorts of 
these multilayer coats are desirable practically. Furthermore, the resin paint or chromate treatment (+ 
alkali treatment) by electrodeposition may be performed on said plating layer if needed, and the 
corrosion resistance and good adhesive property which improved further can be realized. For 
example, electrical potential differences are [ 0.5-5V, and cathode current density ] 0.01 - 1.0 
A/dm2, and electrical potential differences are [ 1-3V, and the cathode current density of the suitable 
conditions with which a hydrogen content covers electric nickel plating 100 ppm or less ] 0.05 - 0.5 
A/dm2 more preferably. Although for 30 - 240 minutes is practical as for the processing time of 
nickel plating, it is good to extend suitably according to desired nickel plating thickness. If nickel 
plating is performed by 5V super-****** 1.0 A/dm2 **, cathode efficiency falls, the charge which is 
not used for electrodeposition of nickel will be emitted as hydrogen, and the amount of hydrogen 
finally incorporated by nickel plating will degrade greatly the thermal resistance of 100 ppm super- 
next door magnetic properties. The problem on which nickel plating electrodeposited while the 
electrodeposted effectiveness of nickel plating fell notably, when less than said nickel plating 
conditions exfoliates is generated. According to said electric nickel plating conditions, 3-50- 
micrometer nickel plating can usually be covered with average thickness. Moreover, specified 
quantity addition of brighteners, such as saccharin, a butjoiediol, or thiourea, and the ************ 
may be carried out into plating liquid. It is desirable to carry out 0. 1-0.5 g/dm3 (g/1.) content of the 
sodium lauryl sulfate which is one sort of a surfactant into plating liquid especially. The content in 
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the plating liquid of sodium lauryl sulfate is not accepted for the addition effectiveness by less than 
three 0.1 g/dm, but, as for 0.5 g/dm3 super-**, the throwing power of electrolytic colouring of 
plating falls notably. A detailed examination of this invention person showed that correlation was 
between that the surface tension of specified quantity **** plating liquid declines notably, and the 
reduction effectiveness of the amount of hydrogen incorporated into tihe plating film about sodium 
lauryl sulfate. 

[0007] When it constitutes the R-T-B system permanent magnet of this invention using the R-T-B 
system rare earth sintered magnet object which makes the main phase an R2T14B mold interaietallic 
compound, it is desirable to consider as Remainder T R:27 - 34% and B:0.5 to 2%, using the sum 
total of R of a major component, and B and T as 100 % of the weight. Hereafter, only describing it as 
% shows weight %. Furthermore, content of 0.6% or less of oxygen, 0.2% or less of carbon, 0.08% 
or less of nitrogen, 0.02% or less of hydrogen, and 0.2% or less of calcium is permitted as an 
unescapable impurity component, using AUW of said R-T-B system rare earth sintered magnet 
object as 100%. as R (Nd, Dy) - or Dy or Pr - or (Dy, Pr) - or (Nd, Dy, Pr) it is chosen practically. 
27 - 34% of the amount of R is desirable. If coercive force iHc declines greatly at less than 27% and 
the amount of R exceeds 34%, a residual magnetic flux density Br will fall greatly. 0.5 - 2% of the 
amount of B is desirable, and is more desirable. [ 0.8 - 1.5% of ] iHc to which the amount of B is 
equal to practical use at less than 0.5% is not obtained, but Br falls greatly by ** 2%. In order to 
improve magnetic properties, it is desirable to carry out optimimi dose content of one sort of Nb, 
aluminum, Co, Ga, and Cu or the two sorts or more. The content of Nb is made into 0.1 - 2%. The 
way ghost of Nb generates in a sintering process by addition of Nb, and abnormality grain growth of 
crystal grain is controlled. Nb content is not accepted for the addition effectiveness at less than 0.1%, 
but in **, the amoxmt of generation of the way ghost of Nb increases 2%, and Br falls greatly. The 
content of aluminum is made into 0.02 - 2%. aluminum content is not accepted for the addition 
effectiveness at less than 0.02%, but Br falls rapidly by ** 2%. Co content is made into 0.3 - 5%. At 
less than 0.3%, the Curie point and the improvement effectiveness of adhesion with nickel plating 
are not practically acquired for Co content, but Br and iHc fall by ** 5%. Ga content is made into 
0.01 - 0.5%. Ga content is not accepted for the improvement effectiveness of iHc at less than 0.01%, 
but the fall of Br becomes remarkable by ** 0.5%. Cu content is made into 0.01 - 1%. Although 
minute amount addition of Cu brings about iHc and corrosion resistance improvement, if Cu content 
exceeds 1%, the addition effectiveness will be saturated and the addition effectiveness will not be 
accepted at less than 0.01%. 
[0008] 

[Embodiment of the Invention] Hereafter, this invention is not limited by these examples although an 
example explains this invention to a detail. 

(Example 1) 30%Nd-68.9%Fe-l.l%B The sintered magnet object which has a major component 
presentation was processed into rectangular plate-like [ with a 3mm/ 5mm by / x thickness of 
0.7mm ]. Next, this processed magnet object was rinsed afler immersion for 2 minutes in the 
aqueous acids of nitric-acid 2vol. %. Then, nickel plating was performed for 120 minutes by current 
densityrO.l A/dm2 and electrical-potential-difference:3V after supplying the specified qu2intity of the 
rinsed magnet object to a barrel, the presentation of a plating bath — nickel-sulfate: — 240 g/dm3 
(g/L), nickel chloride:40 g/dm3 (g/1.), and boric-acid:30 g/dm3 (g/1.) it is — bath temperature could 
be 50 degrees C. Rinsing and desiccation were performed after nickel plating, and the R-T-B system 
permanent magnet of this invention which covered nickel plating of 1 0 micrometers of average 
thickness was obtained. Next, nickel plating film of said permanent magnet is stripped off, and it was 
failed to delete a part for an adhering magnet soma. Then, the amount of hydrogen contained in this 
nickel plating film was measured by the gas-chromatography method. A result is shown in Table 1 . 
Next, 30 permanent magnets (Pc=0.42) of said this invention were prepared. Next, in the room 
temperature, the amount phi 1 of total magnetic flux was measured after magnetization on the 
conditions with which the amoimt of total magnetic flux is saturated in each. Then, the ON furnace 
was carried out in atmospheric air and into the 70-degree C thermostat, ten pieces were taken out 
after 1-hour maintenance, and it retumed to the room temperature. Moreover, the ten of 20 pieces 
remaining were taken out after 24-hour maintenance, and they were retimied to the room 
temperature. Moreover, the ten remaining pieces were taken out after 48-hour maintenance, and were 
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returned to the room temperature. And each amount phi 2 of total magnetic flux of these 30 pieces 
was calculated for the percentage reduction of the amount of total magnetic flux by the following 
formula after measurement in the room temperature. A result is shown in Table 1 . In addition, the 
result of Table 1 is the average often pieces, respectively. 

Percentage reduction =(phil-phi2)/philxl00 of tfie amount of total magnetic flux (%) 
phil : The amount phi 2 of total magnetic flux in the room temperature before a heat test: The amovmt 
of total magnetic flux in the room temperature after a heat test [0009] (Example 2) the presentation 
of a plating bath - nickel-sulfate: ~ 240 g/dm3 (g/1.), nickel chloride:40 g/dm3 (g/1.), boric-acid:30 
g/dm3 (g/1.), and sodiimi-lauryl-sulfate:0.3g/dm3 (g/1.) ** — the R-T-B system permanent magnet 
was produced like the example 1 except having carried out. The same evaluation as an example 1 
was performed henceforth. A result is shown in Table 1 . 

(Example 1 of a comparison) the conditions of nickel plating ~ current density: — the R-T-B system 
pemianent magnet of the example of a comparison was produced like the example 1 except having 
considered as for 30 minutes by 2 A/dm2 and electrical-potential-difference: 7 V. The same 
evaluation as an example 1 was performed henceforth. A result is shown in Table 1 . 
(Example 2 of a comparison) 30%Nd-68.9%Fe-l.l%B produced in the example 1 The same heat test 
as an example 1 was performed in the condition with the magnet object which processed into 
rectangular plate-like [ with a 3mm/ 5mm by / x thickness of 0.7mm ] the sintered magnet object 
which has a major component presentation, and it asked for the percentage reduction of the amount 
of total magnetic flux. A result is shown in Table 1. 
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[001 1] The comparison with the examples 1 and 2 of Table 1 and the example 1 of a comparison 
shows that the percentage reduction of the amount of total magnetic flux becomes very small, when 
the amoxmt of content hydrogen of nickel plating is 100 ppm or less. Moreover, it turns out that it has 
the percentage reduction of the low amount of total magnetic flux equivalent to the thing of the 
example 2 of a comparison with which the thing of the examples 1 and 2 which set the amount of 
content hydrogen of nickel plating to 100 ppm or less does not cover nickel plating from the 
comparison with the examples 1 and 2 of Table 1, and the example 2 of a comparison. Moreover, it 
turned out that the thing of the examples 1 and 2 after the above-mentioned heat test is presenting the 
good appearance, and it has the thing of the example 1 of a comparison, and the corrosion resistance 
more than an EQC. In order to set more preferably to 50 ppm or less 100 ppm or less of hydrogen 
contents which reduce the amount of hydrogen generated like the R-T-B system permanent magnet 
of examples 1 and 2 at the time of electric nickel plating, and are incorporated in the plating film, it 
is desirable to adopt the conditions which made current efficiency at the time of electroplating 98% 
or more more preferably 97% or more. 

[0012] Although the above-mentioned example indicated the case where electric nickel plating of a 
monolayer was covered, this invention includes the case where it was not limited to this, for 
example, the three layer plating of nickel/nickel/nickel by electroplating and/or nonelectrolytic 
plating is covered. Moreover, the case where the three layer plating of nickel/Cu/nickel by 
electroplating and/or nonelectrolytic plating is covered, for example is included. 
[0013] This invention includes what was not limited to a R-T-B system sintered magnet, made the 
main phase the R2T14B mold intermetallic compoimd, and covered plating on the R-T-B system 
warm working magnet object whose diameter of average crystal grain is 0.01-0.5 micrometers. Or 
what galvanized on the R-T-B system permanent magnet object which performed hot working to the 
casting alloy which adjusted the R2T14B mold intermetallic compound to the major component 
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presentation made into the main phase, and ingoted it, and gave the anisotropy to it is included. 
[0014] 

[Effect of the Invention] Above, according to this invention as description, while excelling in 
corrosion resistance, the galvanized R-T-B system permanent magnet with very little degradation of 
the magnetic properties at the time of heating can be offered. 



[Translation done.] 
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